The reproductive biology and feeding habits of the electric fish Brachyhypopomus gauderio were studied. The species has seasonal reproductive behavior, with breeding occurring during the Southern Hemisphere spring and summer, and having a positive relation with the photoperiod variation. Brachyhypopomus gauderio was defined as a fractional spawner, with low relative fecundity and high first maturation size. Sexual dimorphism was registered, males undergoing hypertrophy of the distal portion of caudal filament. The results on reproductive biology herein obtained are in agreement with data concerning gymnotiforms from Southern Brazil and Uruguay, pointing to an ecological pattern for the species from high latitudes, differing from species with tropical distribution. According to the analysis of the food items, B. gauderio feed mainly on autochthonous insects, likewise the other gymnotiforms previously investigated, leading to conclude that there is no variation on the diet of the species of the order related to climatic conditions or even to habitat of occurrence.
Introduction
Gymnotiformes have a wide geographical range throughout South and Central America, occurring in an incredible diversity of aquatic habitats including flood-plains, flooded forests, forest streams, cataracts, swamps, coastal creeks, estuarine reaches, and mainly in river channels [1] . Because of the geographical wide distribution of the order, its integrants are exposed to tropical weather environments, presenting drastic changes in water level and niche availability, as well as to temperate weather environments, presenting great seasonal changes in photoperiod and temperature. The adaptative response of the gymnotiform species to these different weather scenarios has been reported in many studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The genus Brachyhypopomus is included in the Hypopomidae family, which is distributed from Río de La Plata in Argentina (35uS) to northern Panama (8uN) [20] . The genus prefers slowmoving and shallow waters with dense floating vegetation that can be used as shelter and sites with leaf mats in the bottom [21] . The Amazon-Orinoco-Guianas superbasin is the center of diversity for the Gymnotiformes [22] ; in the same way, Brachyhypopomus species reach the highest diversity and abundance in Amazon flood-plains [23] . According to a continuously updated catalog of fishes [24] , the family Hypopomidae presents 25 valid species, 10 of each described in the last 10 years. Of these 10 species recently described, 4 are Brachyhypopomus species from southern and southeastern Brazil and Uruguay [25] [26] [27] [28] , showing that this regions were poorly studied and are more taxonomic diverse than it was previously previewed.
Brachyhypopomus gauderio was recently described [28] as a species formerly identified as B. pinnicaudatus. The species is widely distributed from the Laguna dos Patos, Rio Uruguay and Rio Tramandaí drainages in the Rio Grande do Sul state, Brazil, also occurring in the Rio Uruguay basin in Uruguay and in the Rio Paraguay basin in Paraguay [28] . The species is abundant and easily found from central, southern, and coastal regions of the Rio Grande do Sul state, and it is commonly syntopic with other Brachyhypopomus species, especially B. draco.
Recently, studies concerning the ecology and life history of species of the genus Brachyhypopomus, occurring in Rio Grande do Sul state and Uruguay, has improved the knowledge about this fishes inhabiting the southern boundary of the genus distribution, and has made this genus the most understood group of Gymnotiformes in terms of life history aspects [17, 19] .
Despite all increasing knowledge on reproduction and feeding of gymnotiforms from southern Brazil, and more specifically on species of the genus Brachyhypopomus, there is no information about life history strategies of B. gauderio. Therefore, this study aims to investigate the aspects of reproductive biology and feeding habits of B. gauderio, as well as to compare these results with the existent information for gymnotiform species from the southern boundary of the order distribution in order to establish life history patterns.
Materials and Methods

Study area
Brachyhypopomus gauderio specimens were sampled in a flooded area near Arroio dos Ratos creek (29u57931,90S 51u33910,10W) in Charqueadas municipality, which integrate the Laguna dos Patos basin in Rio Grande do Sul, Brazil (Fig. 1) . The sampling area presents dark and slow-moving water, with hardly any flow, muddy bottom and depth ranging from 1 to 1.5 meters, with very little depth variation among the months of the year. The location has also abundant floating vegetation, manly composed by Pistia stratiotis and Salvinia auriculata. Marginal rooted vegetation is mostly composed by Polygonum sp., reeds and bushes. In addition to B. gauderio, the gymnotiforms Brachyhypopomus draco, Eigenmannia trilineata and Gymnotus aff. carapo were sampled at this locality.
Sampling
Field work and sampling were executed according to the Authorization for Scientific Activities (number 873510) concede by the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis -IBAMA. The IBAMA is the Brazilian Government Department responsible for analyzing research projects that involve field work, capture and sampling of specimens of native fauna and flora, conceding authorizations which regulate the area and period of sampling, as well as the species and number of specimens which can be capture and/or sacrificed during a study. IBAMA Authorization for Scientific Activities is obligatory for any research project that includes field work in Brazilian territory.
Ethical approval was not obtained because it was only required for animal experimental studies and/or studies concerning capture and/or sampling of Tetrapoda according to Brazilian scientific ethical committees. Brazilian scientific ethical committee concerning animals other than Tetrapoda was only created in 2009, after the field work related to this manuscript. The collections were undertaken monthly from April/2005 to March/2006 between 10:00 am and 16:00 pm under floating vegetation using a dip net and an electric fish finder [29] . Aiming to avoid animal suffering, the specimens were euthanized by emersion in eugenol 10% solution in ethanol 99%, and fixed just after in 10% formalin solution. Water temperature, conductivity, pH and dissolved O 2 were recorded at the time of sampling. Rainfall data were obtained from the Meteorology District of Porto Alegre.
In the laboratory, fish were transferred to 70% ethanol. After approximately one week in the ethanol solution, total length (Lt) in millimeters and total weight (Wt) in grams were measured and individuals were dissected to record intestine length (Li) in millimeters, and stomach (Ws) and gonad (Wg) weight in grams. Due to the fact that organ weights were always analyzed as percentages of fish total weight, dehydration after transference from formalin to ethanol was not considered. Voucher specimens were catalogued in the fish collection of the Departamento de Zoologia, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil (UFRGS 9200).
Data analysis
Stomach repletion index (RI) and gonadosomatic index (GSI) were estimated following the formula adapted from Santos [30] . These indexes represent the percentage organ weight related to fish total weight: RI = Ws x100/Wt and GSI = Wg x100/Wt. Ws corresponds to stomach weight, Wg to gonad weight, and Wt to total weight. The analysis of variance (ANOVA) with Tuckey's post-test was applied to verify significant differences between the monthly GSI values of males and females separately, as well as for monthly RI values of males and females separately. The intestinal quotient (IQ) represents the ratio of the intestine length related to the fish total length: IQ = Li/Lt. Li corresponds to the intestine length and Lt to the total length.
The reproductive period for males and females was established through the analyses of monthly variation of the mean GSI values. The multiple regression with analysis of variance (ANOVA) was applied to verify possible dependence between abiotic factors (rainfall, photoperiod, temperature, conductivity, pH, and dissolved O2) and the reproductive period (GSI), and between the feeding activity and the reproductive period [31] .
The absolute fecundity was estimated counting all vitellogenic oocytes present in the ovaries of females with the highest GSI values. Nine females were selected for the fecundity analysis. The relative fecundity was determined by the number of counted oocytes per female milligram of weight [32] . For the determination of the spawning type, the same gonads selected for fecundity analysis were used. A sub-sample of 150 oocytes was removed from each selected gonad and the largest possible oocyte diameter was obtained with observation on a stereomicroscope [33] .
The sex ratio was determined by the distribution of male and female frequencies during the sampling period. A chi-square test (a,0.05) was applied to verify the existence of significant differences between the number of males and females of B. gauderio. The size of first gonad maturation of males and females was estimated from the distribution of juvenile and adult relative frequencies for total length classes [33] . The obtained curve was adjusted according to the expression: F = 1-(e -aLt b ); F corresponds to the relative frequency of adults, e to the natural logarithm base, Lt to total length (mm), and a and b to estimated constants related to curve adjustment. The first gonad maturation size is considered as corresponding to a frequency of 0.5 (50%) of the adult individuals.
For the determination of the period of breeding of new individuals, the months when larvae were sampled were recorded. The distribution of relative frequencies of males and females in different total length classes was analyzed and tested with a chisquare test (a = 0.05) to observe possible sexual dimorphism related to specimen lengths. Relative frequency of B. gauderio specimens with vertically broadened and laterally compressed distal portion of the caudal filament was calculated to observe the development of this sexually dimorphic feature along the reproductive period.
Stomach content analysis was performed with the help of a stereomicroscope and the organisms in the stomach were identified to the highest taxonomic level possible. The alimentary items were analyzed by the frequency of occurrence method [34] and by percent composition method [35] , where the number of times that each item has occurred was treated as the percent of total occurrence number of all items. For this, the items were grouped in broader taxonomic and ecological categories: microcrustacea (Microcr), digested organic material (DOM), autochthonous insects (AuI), allochthonous insects (AlI), arachnid (Arac), vegetal material (VM), sediment (Sed), and others (Others).
The importance of each of these alimentary categories in the diet of the species was estimated by a semi-quantitative abundance scale, where each category contribution is estimated according to the area that it occupies in relation to total content. The scale used was based on Granado-Lorencio and Garcia-Novo [36] : 0 -absent; 1 -scarce (less than 25%); 2 -frequent (25% to less than 50%); 3 -very frequent (50% to less than 75%); 4 -abundant (75% to 100%). From this scale the index of alimentary importance (IAI) was calculated from the formula [36] : IAI = S[(XK .k)-1(n-1)]; XK is the frequency of occurrence of a certain diet component Xi with category k; K is the abundance category (0, 1, 2, 3 and 4), and n is the number of categories of the scale.
According to Guillen and Granado [37] , the main food category is that which presents IAI values above 0.3; the additional food category presents IAI values from 0.3 to 0.15, and the accidental food category presents values below 0.15.
Results
Overall 211 specimens of Brachyhypopomus gauderio were sampled: 108 males with total length ranging from 42.96 mm to 188.8 mm, 102 females ranging from 45.65 mm to 175.36 mm, and 1 larva with 24.23 mm of total length.
Reproduction
The reproductive period estimated for B. gauderio The GSI of males and females was not significantly related to the repletion index (RI) according to the test of multiple regression with analysis of variance (ANOVA). Among all the abiotic factors tested, the GSI of males and females presented significant relation only to photoperiod variation (males: F = 114.970, t = 10.722, p = 0.000; females: F = 27.006, t = 5.197, p = 0.000). Monthly data of water temperature, pH, conductivity, dissolved oxygen, rainfall, and photoperiod are summarized in Table 1 .
The absolute fecundity had an average value of 589.44 oocytes (ranging from 299 to 799 oocytes) for females with total length from 85.42 a 149.0 mm for ( Table 2 ). The average relative fecundity was estimated as 0.20 oocytes per mg total weight ( Table 2 ). The analysis of the absolute frequency distribution of oocyte diameter corresponds to that of a species with oocyte development synchronic in more than two groups, iteroparity, and fractional spawning (Fig. 3) . It is observed a high frequency of store oocytes, which are the smallest oocytes observed in the gonads, have not initiated the vitellogenic process, and will only mature in the next reproductive period. Besides the store oocytes, it is observed in the analyzed mature gonads oocyte shares in successive maturation stages that are eliminated at different times in the reproductive period of the species.
The first gonadal maturation size was estimated for B. gauderio males as 108.0 mm and for females as 104.5 mm (Fig. 4) . The chisquare test results demonstrate a sex ratio of 1:1 in analyses of the number of males and females monthly sampled, as well as in analyses of the total number of males and females sampled ( Significant differences in total length related to sexual dimorphism were not observed for B. gauderio according to the chisquare test (a,0.05) applied to the distribution of males and females in different total length classes; however, males reached the largest length class established ( All food items identified through the stomachs analysis are presented in Table 3 . There were 23 items identified, the most frequent being microcrustacea (cladocera, copepode, ostracoda), chironomid larvae, insect parts, digested organic material, and vegetal material (Table 3 ). The percent composition calculation showed the categories AuI and DOM reaching the highest values (24.82%), followed by Microcr (23.96%) and VM (19.31%), whereas the categories Sed and AlI reached the lowest values (0.82% and 0.61% respectively) (Fig. 8) . According to the index of alimentary importance, the category DOM is consider main food trough all the sampled months, as well as AuI, that is consider main food during all the months for except April/2004; Microcr is consider additional food during all the year, as well as VM, that is consider additional food trough all the months except for August/ 2004; while the other categories are consider accidental food during all the sampled period (Table 4) . Brachyhypopomus gauderio intestinal quotient was estimated as 0.29, with a standard deviation of 0.03 and without significant variation during the months of the studied year.
Discussion
Life histories are shaped by the interaction of extrinsic and intrinsic factors, where the extrinsic factors are ecological impacts on survival and reproduction, and the intrinsic factors are the tradeoffs among life history traits and lineage-specific constraints on the expression of genetic variation [39] .The reproductive period established herein for B. gauderio occurred during the South Hemisphere spring and summer. Positive relation between male and female reproductive season and the photoperiod variation of the study area was recognized. No statistically significant relation between reproduction and the temperature variation was found, even though the reproductive season of the species occurs at the period of the year when the highest water temperature values were registered. This result might be explained by the fact that, at the collect site the temperature does not present a uniform and continual annual variation. These observations are in agreement with the results from many recent studies concerning gymnotiforms from Southern Brazil and Uruguay [10, 11, [13] [14] [15] [16] [17] [18] [19] , where photoperiod and/or temperature trigger reproductive period, and in disagreement with the results showed for gymnotiforms occurring in the tropical weather region of South America [2] [3] [4] [5] [6] 8, 9, 12] , where increasing rainfall precipitation and water level determine reproduction. Many authors compare exogenous factors that determine the annual cycles of fishes under tropical and temperate climatic conditions [38, [40] [41] [42] . The great majority of the studied neotropical fishes present seasonal reproduction characterized by reproductive periods intercalated with resting periods [42] . The reproductive seasonality in the fishes of temperate environments, where longer rainfall periods are not definite, is mainly related to the temperature, photoperiod, and food availability [43, 44] . However, in tropical environments, the annual temperature and photoperiod variation are quite small, rainfall and habitat availability becoming the factors responsible for the seasonality in the rivers, streams, and lagoons [45] [46] [47] . Therefore, according to the results obtained for B. gauderio and the species studied up until now, these ecological patterns may be applied for gymnotiform fishes. Gymnotiform species from different genus and even families, but occurring in the same region, show identical patterns of reproductive period establishment. However, the same genus species, this time occurring in different climatic regions, show divergent reproductive patterns. These findings suggest that environmental conditions influence reproductive period determination in Gymnotiformes more strongly than the degree of relationship between the taxa, being an adaptative condition instead of an inherited character.
According to Winemiller [48] , distinct reproductive patterns displayed by the species are adaptations to temporal and spatial variation in the environmental settings, food availability, and predation pressure. The gymnotiform species from the southern boundary of the order distribution, including B. gauderio according to the results herein obtained, present long reproductive periods [16] [17] [18] and low values of relative fecundity [16] [17] [18] [19] . As well as B. gauderio, these species show high first gonadal maturation sizes [16, 18, 19] , which are superior to 40% of the maximum length of the species fitting the concept of late maturation [49] , and almost all have parental care behavior described or observed [16, 18 , Giora unpublished data for Brachyhypopomus draco]. All those quoted life history characters agree with the ''K-strategy'' as originally proposed by Pianka [50] , and with the ''equilibrium strategy'' as proposed by Winemiller [51] . Both hypotheses are associated with higher juvenile survivorship as a result of greater parental investment in individual progeny. Fractional spawning is also a trait associated with the life history strategies quoted above, and has been registered for B. gauderio and all the gymnotiform species studied up until now from high [15] [16] [17] [18] [19] 52] and low latitudes [7, 12, 53, 54] , being consider as a general characteristic of the order.
Winemiller [48] analyzed the reproductive traits and population variations of 71 freshwater fishes during one year of sampling in a stream in Venezuela and defined as seasonal strategy the species Adontosternarchus devenanzii -Apteronotidae, Hypopomus sp. -Hypopomidae, and Eigenmannia virescens -Sternopygidae, and as equilibrium strategy the species Gymnotus carapo -Gymnotidae. Hydrological and flow regimes have a fundamental role as a key determinant of fish life history composition across a broad biogeographical scale [55] . The occurrence of equilibrium strategist species is associated with decreasing hydrologic variability and increasing stability of environmental flow [55] [56] [57] , while the occurrence of seasonal strategist species is strongly related to environments with high flow seasonality [55, 56] . With this mind and comparing the results obtained for species occurring in environments with stable hydrological regimes in southern Brazil and Uruguay [16] [17] [18] [19] with species occurring in environments with elevated flow seasonality in Venezuela [48] , we can infer that flow regimes have also a great influence in the determination of gymnotiform life history strategy. However, considering the lack of data on life history of gymnotiforms from the northern portion of their distribution -e.g. relative fecundity, first gonad maturation size, and duration of the reproductive period -the definition of reproductive patterns and strategies for the all order representatives occurring in that region still needs further investigation. The mechanisms of sexual selection promote the emerging and fixation of dimorphic characters through the choice of males by females and the competition between males or vice-versa [58] . No sexual dimorphism related to the fish total length has been documented; however, B. gauderio has exhibited a sexually dimorphic shape of the caudal filament distal portion. The majority of the Brachyhypopomus species -such as B. pinnicaudatus, B. beebei, B. brevirostris, B. occidentalis, and B. draco -possesses some kind of broadening, compression, and/or elongation of the mature male caudal filaments [9, 17, [58] [59] [60] . These morphological modifications of caudal filament may allow males to have greater electrocytes than females, to produce the sexually dimorphic signals [59] , and to accrue more matings [9] . It has been reported for a B. draco population that males undergo hypertrophy of the distal portion of caudal filament during the reproductive period, after that regressing this structure until the caudal filament resembles those of females and juveniles [17] . The existence of similar caudal filament regression cannot be affirmed for B. gauderio, since males with hypertrophy of this structure could be found along all months in which large males were sampled. The highest frequency of specimens with broadened filament along the reproductive period months shows that the development of this structure probably occurs concomitantly with male gonadal maturation. However, the presence of males with the highest total lengths exhibiting caudal filaments identical to those of females and juveniles suggests a dominance system among males. Because of that, just dominant males undergo caudal filament hypertrophy. Dominance among males of a same breeding group has been also observed for the species B. brevirostris during agnostic behavior observed in captivity [12] .
The feeding ecology of a species, is thoroughly linked to its population dynamics, and contributes to the understanding of subjects such as resource partitioning, habitat preference, prey selection, predation, evolution, risk effects, competition and trophic ecology, and energy transfer within and between ecosystems [61] . The values of RI of males and females show greater feeding activity for B. gauderio just after the reproductive period of the species, suggesting this as the period of energy accumulation, the other months of the year do not present any significant increase or decrease in food consumption. The great amount of digested organic material in the stomachs of B. gauderio can be attributed to the advanced decomposition state of the ingested food items, in the same way it has been quoted for B. bombilla [19] . Since gymnotiforms are mostly nocturnal or Table 4 . Alimentary importance index. crepuscular fishes [62] at the time of fish sampling (between 10:00 am and 16:00 pm), food could be already partially digested in the stomach of the specimens, making the item identification impossible.
There are high frequency of occurrence and high values of percent composition and alimentary importance estimated for vegetal material in the diet of B. gauderio; which might have been debris consumed during the feeding on benthic and macrophyte dwelling invertebrates. Due to the fact that aquatic invertebrates play the main role in the feeding according to all index tested, the species can be herein classified as invertivorous. According to the scale proposed by Fryer and Iles [63] to compare intestine length and trophic category of a species, carnivorous fish present the lowest values of intestine length, followed by omnivorous, and herbivorous, whereas detritivorous present the highest values. Therefore, the low value of intestinal quotient established for B. gauderio corroborates the definition of an invertivorous feeding.
The studies regarding feeding habits of gymnotiform speciesincluding B. gauderio investigated here -show similar composition of diets, with fishes feeding mainly on planktonic and benthonic invertebrates [19, 62, [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] (Table S1 ), and many of them having chironomid larvae and/or microcrustacea quoted as main items on their diet [19, 62, [64] [65] [66] [70] [71] [72] (Table S1) .
Among the studied species there are representatives of all the five gymnotiform families (Sternopygidae, Apteronotidae, Hypopomidae, Rhamphichthyidae, Gymnotidae) occurring in southern Brazil, Amazon basin, Orinoco river, Pantanal floodplain in Mato Grosso do Sul state, Corumbá river basin in Goiás state, Paraná river, Bolivia, and Venezuela [19, [64] [65] [66] [67] [68] [70] [71] [72] [73] [74] , and inhabiting irrigation channels, ''igarapés'', lakes, main river channels, floodplains, and creeks [19, [64] [65] [66] [67] [68] [70] [71] [72] [73] [74] (Table S1 ). Therefore, we were lead to conclude that there is no variation on the diet of gymnotiform species related to climatic conditions or even to habitat of occurrence. The family Gymnotidae has in the species Electrophorus electricus, an exception of this pattern. The ''poraquê'', E. electricus, is a carnivorous species known to feed on fishes, small aquatic vertebrates, crustaceous, and insect larvae [74] . Species of the genus Gymnotus -Gymnotidae family -have been considered predators of aquatic insects and small fishes [22] . However, Gymnotus carapo is mainly referred to in the literature as feeding mainly on aquatic insects [65, 66, 71, 72] (Table S1 ), the same preys being quoted for Gymntous anguilares from tributaries of Sinnamari river in Venezuela [66] , and for a Gymnotus species from the pantherinus group in southern Brazil (Vanin unpublished data). Fishes was quoted as an additional item to aquatic insects in the diet of Gymnotus carapo from Parana river and its floodplain [73] , and as the main item of the diet of Gymnotus carapo from Cañ o Maraca, Venezuela [70] . Consequently, based on the results presented, we can state that the order Gymnotiformes is quite conservative concerning alimentary resources and has very low trophic diversity, especially when compared to other orders such as Siluriformes or Characiformes or even to highly diverse families such as Characidae, this statement contradicting what was expected based on the great variety of head and oral jaw morphology among its genera and species. Table S1 Feeding habits of gymnotiforms. Published data concerning the feeding habits of species of the order Gymnotiformes from different localities through the Neotropical region. (DOC)
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